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B % MI-12 127 T, SEORE SIS CTIHEHZY 1~6 HENI W T, EICKOKHEZ
JISZ 4504 (2008) (Z#EL 10ecm A (100 cii) OEmE A [F UM E TH—I2 230 | 1ZIE—HRIZTE
P ET D LI U CEBI 28I LT, sUEHIAREERT 40 77 C 1438, RIFHET/NEIX 33 )5 C
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FA AR T/ AR OO B ARBURBRC & 2 22 IRt & R O FFAT B 2 6 1))
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9. HREARIBAREL D A & 2L

BREARIAR . (RF) ROUE~UMEEL (shielding factor, SF) 1ZHEk TR 4) N L v &%
SINTETZ, . GRONTT L ARBIRICL D HF52EALTEETH D,

RF = H*(10)in/ H*(10)ou (4)

Z ZC. RF IIMEEBRE. H*(10)n « H*(10)u [ ZTNLENEN, BAO lom fRE Y&

RBhEET,

BRYLAT (n=334) | FRYLEH (n=307) . L OBRY D 6~7 4F1% D 3 [B1H (20192020 4-) (n=834)
ZNENOMEBRBARE OB E 54 %K T3 (), (b), (o) [TRT, 7270, BRYEERICHA
TEMEROEITIZ TR o, ZORMAINIER L < BRYENT. BRYLER, 3 [EH
(2019 + 2020 ) DT XTOWUEPTONTERICRD EEFZHDB V72 72>TLE I DT,
Z 2 CUE, Rk 24~26 FFEE KOV 28~30 R DO AR ZE T HALZHER R & O TR 21T
S TWD, BRYLHT, BRYER, 3 A (2019 - 2020 4£) O & O EEEFE:Q1-Q3 1%
Z10.43 (0.35-0.54), 0.63 (0.50-0.81), 0.61 (0.49-0.75) EiMli ST, BRGEIC I D K& <HRE
IRIRAR BT 2L U CTRREBARIBUR I R & < e o TV DA, BRYLE% & 3 [|H (2019 - 2020 4F)
LITRE BT O b7,
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-3 BREEERE (a) BRYsAn, (b) BRYERZ. (o) BRYEMD 6~741% 3IAH
(2019 - 2020 4F)

fEER 36 . RIARIST/NEX 19 ik, BRYRAT, BRYLER%, 3EIH (2019 - 2020 ) @ 9
B, BEEIOWE « S Z1T> T D, TRENOEZFIZONT, MEKEREO®, FRYE
% /BRYET, 3EIH (2019 - 2020 42) /BRYET, 3ETH (2019 - 2020 42) /BRYLEZ 2R L T, 2
Ko x LOTFNTHZX -4 2R3, BRYLEZ/BRYAT, 3 BIH (2019 » 2020 4) /BRYLAT,
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18



T2 R WS E (EARARZEE )

K

) BRYLES TIHEE2NEIE 1r <, BRYEZ L 3 [EH (2019 « 2020 4F) Tl SRR LI
RERENRDST-ZEER LTINS,

2.5

2.0

1.5

1.0

RERBREOL

0.5 ‘ =

0.0
B (REER/BRERD B (2019 - 20204 /BB
= (2019 - 20205 /PR ER)
-4 MREBERE O 0 SFRYE % /PR, 3EH (2019 - 2020 45) /Brix
A7, 3EE (2019 - 2020 4F) /FRYLE 4

BRYLAT K OY 2019 » 2020 4FOFEEARBIR I A 2 Eh D RS - (EFJEL O Z2 MM ERICK LT
7uy hLebO&K -5 1277, VK 24-26 4 OARE I L0 REA - BT/ XD
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10. ERPINTHUAG L7z vy R AT SV OfRHT & REAfh

FREEAT FE AR TN E X IRTTHT  KABRT 55 F @4k BN THIE LTz y BA LT BL (n=215)
% 49x49 JEEATHNE DIC k0, WES e T v 74 —NT 4 7 LT A y O R F— -
ARy MVEEAG LTz, YK, 2YBi (P8U OIREZFE) , 2%T1 (P°Th ORERE) o —27 Z2FH L
TK., U, ThBEZREL, ARy MICKDMEZIHE L2, Zh D% Tk 24~26 4 K&
OV 28~30 fFEEDFFE CTHUG L 72BRYLAT (BREEAT & rtRE /@K 69 A COREIC L D,
n=295) K UBRYER (BREEFS & RTINS X 37 FCOREIC LD, n=66) DOFHMHE & i
L7citiR 2 RI-1 1”7, B - BN & B ITERYLHTER K O 2019 - 2020 EO M TEITBE S L
RN, IRBL TS OEIFE FEH AT O AT R X D Z Ok OfE (30-40nGy/h) ML —
LTV,

HREREE v MU K DR EOFH  BRYET, PRYLE % L O
BRYL D 6~T #1% (2019 - 2020 )

# 1I-1

224N I=n!
BRYY AT 37.3+7.6 32.9+7.5
PRULE % 39.8+6.6 35.9+5.7
2019 - 20204F| 38.2:8.7 34.2+7.8
FEth+10 BT :nGy/h

BIROMRED S ARBREL v A G oM EZ 2 Lol &, B Cs (1%Cs & 19Cs) b o%h
oy & Uiz, BREEAT. RIFET/NE X OEZICRIT 2 BRYEAT & 2019 - 2020 FI2FEH L -2 Eh
DFESEK M-6 12T, ARREy MOFHIXIEFRCTH DL, BhHMECs ho0FHS
FIREEBL TS Z EBRBEEND, B, WTHOMIZ OV TS IR EHREE M IEIXAT
STV,

HAREREE v MR B D A DGE D RN/ BIMNEIZ O W CRME 21T o T i 2 X -7 127,
M-7 28V T, ZRENDO~— 7 1FERYLAT (o) . FRULERE (A). 2019 - 2020 4 (m) #F
T, BAN/EIMNLITENZT 086, 0.87. 0.88 LIZIXF UMEAZ/RL T\, ZOfERIE, FiH
KD Cs DT HENEETE H1F /NS o & XITEN/ES LT 0.86-0.88 (TUT DfEIZ
MHZEEEHRL TS,
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RKU2DFERND, FEBOFEEEZ R D & FRPOLNL2mE B D & HEFEEOZE
ITNEL R M R A bz, KI-121%, ZFEFL S OFREE & 22 MR R T E O BSR4
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TIEENZIERK 29 4F (2017 4F) ., 28 4F (2016 4F) (ZHEEEFR /ROMIERR S AL, 2 ORIFIE -
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B IXAESE T 2019 « 2020 4F (n=1294) Wik 24-26 4EE (n=733) Tb D, REIGYBEFE DR
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IV. Z%

1. EFEWI O 2RI EROIK FEROLEL

BRYLATD D FRYLE . FRYEATN D 2019 « 2020 EOFHERF O MM EIR RO DA & = - 7
WNZNZIUT DN TEEE L2 X-1 | X -2 1 X[6 CfE 278 LTz, 372bh, BRERERICE
1T 2 BB Aoudoor TZEMIBREINTHEN G o L b REL — . BRPEERZIZBT D5 EN: At TIED
S L b/ ZOMFITITHALNZEZNBO IS, LavL, 2019 « 2020 4Ol TlLES -
JEN: Boutdoors Bindoor & & THREITIFIE 50%I272 > TEBY ., Z 2Tl B - BRICEITED 5
AR

BrRYSAT & BRYYE % OFRA IR 24~26 FEI/T-o TR, ZORRICHAE L 37 FOAREER
(FREEAT 28 ., FEAIET/INEX 9 ) IZ W TCRRYSNIRRE % Fred U L 0 3l L T 5 22,
PTG U 72 BRYLE S DEFR OFNESE L TR ->Tna, 2k, X 3) &KX (7) IZFLEKT
b,

* (Radiation dose after decontamination—Radiation dose due to natural radiation)
RE*=1- — — — — (7)
(Radiation dose before decontamination—Radiation dose due to natural radiation)

BAE BN ORGSR Z R U, BRYIZIRIZZN T4 0.53£0.12, 0.41+£0.09 (FHt1o) LB
ADIFEHIBENLVBREDENRENZ 2R L TEY 2, Zofmid, Mi-1 . X -2 R0
cAEIOFMFER L F L Th o7, K -8 THELKRALSY (S) & BRI S (U) ORM - BN
D (S/U) 1TV TEBRYEFIBRYE % DAL Z R LTz & 918, BRYEANCIZRES CrIEEsms o 23
FRTHY, BN TIEEE, BIR, B EOBEEMIC L > THELT 2 7 OBELRO R 1%\, BR
Pl LV BANTIHER D 20 m B TO Sem DO F LF S0 L0 BEHEHRE S D2 U, Rl
HPALLE D> D OWGELBR O RSy DEIG DRI 2 5, —J7. BN TIE D & b & BELBROEIE 2
ZNTZDBRYAZICEH S/U TR E UM LRV, 2 b OEBEIOIZ D BEN L BRYLZhEN
BWZ EDRRD—2 Lo TNDHEBEZ LI, EUrT HARHREIZL > THE NS LN
HZEERLIED, LZAN, 2019 - 2020 FEOFAMCTRIMI BT D 2SRRI T RIZ LA
L. BNOKTFREIZETROONRL o TVD, ZOFRKIZOWTIXBRGEN T O -8 I
R & & bICE RPN NS LA ERBITL CE 2N EZbND, FIZIE, EFROETF
AN ENZ L ORI A 8 D EFR THANE LR WGaRim bR EAE D %L CTE TUENEE -
TWAHBINRL 2 B bivd, ROEEBIET 2 —D2DJELE LT, y AT FLZBW
TR & BELRR AR 2 0095 Z 12k 0 . BB & 2019 « 2020 AE DT — X [l TN
BIEIN D0 E D DRRETEAT 90 EHEREC Y & BELERE T D3RI DUV T, TV E T 22x22 FiR
TRETT 7 4 —NVT 4 V7 &7 o721, 0.4-0.9 MeV DOHELIRZ B CUT Pl L CHUELER 7y
ELTEREN, ZOFETETGRBENGON T ELBIET L2 LT LY, JREFRORE
ISR C & 2 Mk CHUS U7z BAREBREE v R0 D OBELIROT — X V5 Z & TR BRI mi#
ZORITE L HEE B O IZICHRETT %,

2. MREIER I DORERF AL

X -3 (a), (b)), (c) 2LV BRYAZICHEEARBAREN TP RALTH 1.5 fFOEME & 7220 | 2019 -
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2020 FITHZEDEEEMNRRNT ENRINTZ, 72720, REWBEEFEREZ 7~ L TW 560
HEIIE D> Tz, K -3 (a). (b) DOFRYLAT « BRYLEZ TV TR E WBLEARER S E 7= L
TW B (XHIREETH - 722 ZEHT 0.7~ 1L1~DOE 52 E N5 6)) 13HIEZ1T - 7= 0ME
FORFIMNEL TNWDILEALEEAVEORIREZ b OHETH D, AIEIZOWT, FFICHREER T
X, OREZT VBN TR TONATLERNP L, 20X REFXTIEROEFENILORHIZE
EHLTWT, £/ VERLEHLIZZR>TWHE0E L ERWEEZ IS A TILANE - TV
%o BRYENZ 2 U O 4 K O S #mﬁbtﬁﬁwgmiﬁﬁgmiD%%@%%ﬂ%%

DEBRIZEE R THREN G RDMBEM R B o 7o, BRYERFC S R KEFE ORI OB G (L ORHAE IX
THRES T %ﬁ@@%*“@%%@%%@ﬁ%%<ﬂéﬁm@#KiDﬁbmttw\%%
%Y ZOMIIFOEFHEINT, BFICHONWT, BEAVRIZZAMETH D7 DHAKIZE VIR
PEVEAS 34 U7 BRI PE B 3 RIS IR, W SV E DR E 7o o TV D B X b, A
VEDOBRE L OEZOEAE. TORBO FOMHEREORNZERIFRER N EMEA S B S
“oéﬁ\m1m3@> ZRW T ARME T - 7o S EARBARES 1.0 2B 2 5613V T s L&D
D 2 OOERITITFEY LTV ed o7z, BRYAT - BREEZ ISV TR EWHREIRBGREZ R~ LT
wk&%momf 2019 + 2020 FEOFRETIXIL ORI N O OEBIT EZBIEEIN D L OO EK
WARENC I T BT ZIE ERE L 1FI 2L, F2, BAVEOEZFIT TN TRIKSN TV =728
2019 « 2020 FEDFAEICITE A Y A2 B OEBOT — X TG T T, Bb v o, MREKER
B 1.0 2 DB E TN D DIEEA O ZERMIFREFHE 0.062-0.101 £ Sv/h (RF=1.00-1.05) D

L& LD TRWEMBERDEZ THD Z Lol

X -3 (), (b), (¢) TRENT-FE AL M-4 1280 THRIN TN D, BRYLE%/FRY
A, 3EE (2019 - 2020 ) /BRYATOMEARERIE O IX, #%E TWUAALFEIFE:QL-Q3 DIENY LD
STWDEHODOMSTOFRAEIE 1.30, 1.24 LIZIFFCTH D, —J7, 3EH (2019 « 2020 4) /&
YUl 1% ClIM EIREUR R O o hIEIRIZIE 1 ICE< . BRYE% & 3| E (2019 - 2020 4F) T
BREARBUR IS RE R EmN e o2 Z L AR L TWA, £72, Q1-Q3 OIEIEX 3 [ H (2019 « 2020
) RYLATIC R TR E - Tz,

M -3 (c) 123\ TREEARIBARE 1.0 2 X 72 EF TR O ZEHIB RN & b TRV E
FEDNBE SN, Z ORI YE Cs ORI L AREREE y MOMBNER L 2> TET
WHTED EEZBND, SHREENTIEE Cs DEG NI TE HIE LIS/ 0 HIRBREE v D
DOREDOI LT o= & X 12iE, K -7 TRENT L ITEN/BIZE MR T 0.86-0.88 {13T
DIEIZ72 5 L PRIND, ZOBEND, B - EFEL OZE M ERIT S L TR & IRREGRE %
7'y b U ZRASTERERAEK -5 THhd, ZORNG, BRYATOMR SRR 043 %
g & L TE DDLU TWD A, BRYe, 2019 + 2020 FF OB EARBEIREI TR - (25

WOZERRERMET 5 & & bICRERMEE > T BBAHLNTH D, BI - (EF)E
DZEFFREFEN/NS 2D L L bIT, MERBIREOIXS ST HRE Lo TR, ZhiZ
BRYLHT & LR TRAOERMEBLEN/RKELSE T LTS ORK (5) ONMNNESL 2D, 5+ T
B 5 RN OZERBRED /NS 2RISR LT H I TH D MEIREIR N K& < £@hd 25 2 & 23V HH
ThdLEBEZLND,
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Hr~7myZ—OREMRR (KI-11 : fEEMNOFEFID 1.12) AW T IV K TOFEMR
BEBIR A TR0 3 DO X 0 HlsEi L 7=,

@O RO FHMEE FRIMUERER L L TRD 2 HkE,

O LR OZFEANAEMICK USMHEZ FZEIMUERRRE L LTRD D HIE

@ FROM, HALbEBE L TEREIMER R L EDORD D HE

O FREOVHEEZFERIMERERLE L TRD S HE RF@)=D_EN,/D EIM)
FROFLNS —EDYEREIHE LN 100cm EOZERFREROT — & % FH D\ CEEEO T
P& FRIMER ER & L CEBHRERBIREZ RO (RII22H) . ZEH L 520mEh
NIZ, BRYESEE STV A, ADHAY $ 2 < B OMRIFRIRE AR & IR IIK T3 2 4
HEHNL < —MRITHERMMRN 2D BEREGREIT, s B S o7
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Z 2T, DYFHEH T2 Y OBIMEIE < BREE . Doudoortd A D ZEMIMRE R, Dnid A SRBUE RN D%
IR RFoudoord LB DR EIRIBAREL T1. RFindoorl FEN O AR Th 5, R FHEEZIZ
BT, ZEERED ORI < RE~OBRBEREITZ 2RI E Sh,

X (8) ZHWTHUNEMEIE BEEZFET HITIX, YRN 6 B OZERBERIIER
WNIIET DBEADEFTOEMBER L L TEX TR 620, ERIMEFOFN (E) 12
WIEL, BN TH > THHRMICEREHET 200 TR0 et FFROMEE (E) T
DZEMMREREZBNADOEMMERE LTHWASA Z ERRYTHI EEZOND, KT v=7
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Abstract

The aim of this study is to examine the temporal changes in reduction factor and in indoor surface
contamination, which affect radiation exposure dose for the residents, by re-examining about 150 dwellings
that had been investigated. This year (2020), 47 wooden residential houses (in Odaka, Minamisoma City,
Namie Town, litate Village, and Okuma Town) were investigated. A result in this year was analyzed in
combination with the results of last year's study (100 houses in total). The findings are as follows:

1. The median air dose reduction rate (%) with an interquartile range was evaluated as 58.4 (44.9-
64.7) outdoors and 43.3 (33.5-49.3) indoors immediately after decontamination (n = 38) and newly assessed
as 49.6 (32.7-59.4) outdoors and 48.3 (28.9-60.0) indoors in this study from 2019 to 2020 (n=54). The air
dose reduction rate immediately after decontamination was outdoor > indoor, however, in the present
measurement, there was no difference in the air dose reduction rate between outdoor and indoor. No change
was observed in the indoor and outdoor absorbed dose rate in the air due to natural radiation sources before
and after decontamination and in this measurement.

2. The median reduction factor with an interquartile range was evaluated as 0.43 (0.35-0.54) .
0.63(0.50-0.81) . 0.61 (0.49-0.75) , respectively before decontamination, immediately after decontamination,
and 2019/2020. For each house, the ratio of reduction factors among before decontamination, immediately
after decontamination, and 2019/2020, was also calculated. These results indicate that changes over time
after decontamination are rarely observed. In this study (2019 and 2020), the cases with dose reduction factors
exceeding 1.0 were found to be houses with extremely low outdoor air dose rates such as 0.062-0.101 uSv/h
(RF=1.00-1.05). This is considered to be due to the fact that the influence of radioactive Cs has decreased
and the dose due to natural radiation sources has become dominant. A correlation between reduction factors,
y and outdoor air dose rates, x (measured in the yard around the house) was approximated as y = -0.108In(x)
+0.469.

3. We compared the results of the studies conducted in 2012-2014 and 2019-2020 in Iitate Village
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(38 houses) and Odaka, Minamisoma City (32 houses), and found that the values in both areas were lower in
2019-2020 than in 2012-2014. Note that this difference includes radioactive Cs physical decay (up to 40.2%).
In both regions, the values of surface contamination are lower for houses that are lived in (returned to) or
returned to every day than for those that are not lived in.

4. The 600%600 successive approximation method using the response function was applied to
calculate the ambient dose equivalent rate and the dose contribution of artificial radionuclides ('3*Cs and
137Cs). These results were compared with those calculated by the 22x22 successive approximation method.
The ambient dose equivalent rates calculated by the two methods agreed with each other within a few percent
error. The dose contributions of the artificial radionuclides calculated by both methods were positively
correlated with the ambient dose equivalent rates, but overall, the 600x600 successive approximation method
showed lower values.

5. Modeling of a typical house and its surrounding environment in Fukushima Prefecture was
carried out using 3D-ADRES. The changes in air dose rate distributions inside and outside of houses were
obtained by changing the removal rates of radioactive Cs for decontamination around houses and then the
relationship between the removal rates and the dose reduction factors of the houses was evaluated. As the
removal rate was increased, the dose reduction factor values were increased from relatively small values in

the early stage of the accident, which were obtained by observation, to larger values with time.
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